INTRODUCTION
The Safe Drinking Water Act (P.L.93-523) includes provisions for the protection of underground sources of drinking water. Specifically, Part C of the Act authorizes the Environmental Protection Agency to establish regulations to insure that injection of contaminants will not endanger existing or potential sources of drinking water. The regulations developed by EPA require that all underground sources of water with less than 10,000 milligrams per liter (mg/L) dissolved solids be designated for protection whether or not they are currently being used as a source of drinking water.
The eight major aquifer systems of Tennessee have been delineated on a regional basis and are characterized by a unique set of hydrologic conditions, as well as a distinguishing water quality. The aquifer systems are commonly separated from one another by confining units or zones in which the vertical hydraulic conductivity is less than in the aquifer system. The hydrologic effectiveness of the confining units is variable and depends on the local geology. In general, the confining units restrict, but do not exclude, flow between aquifers on a regional scale.
The purpose of this report is to describe the formations that comprise the Cumberland Plateau aquifer system ( fig. 1 ) and to delineate zones within this aquifer system that are actual or potential drinking-water sources. This report provides generalized information on (1) the areal and stratigraphic occurrence of the aquifer and the water within, (2) dissolved-solids content of the ground water, (3) area of ground-water use and potential use, (4) the hydraulic character of the aquifer, (5) the areas of known ground-water contamination, and (6) the known locations of current and potential hydrocarbon, mineral, and geothermal resources in the sequence of geologic formations that includes all of the Pennsylvanian rock units in this area. Formation names used in this report are those of the Tennessee Division of Geology (Miller, 1974) and do not necessarily follow the usage of the U.S. Geological Survey.
GEOLOGY
The Cumberland Plateau aquifer system underlies the Cumberland Plateau ( fig. 2 ) and consists of nine geologic rock units of Pennyslvanian age with highly varied permeabilities (table l). The upper two-thirds of the aquifer system is primarily shale with thin interbedded sandstones, coals, and siltstones. The lower one-third contains fewer shales and thicker sandstone beds that are commonly conglomeratic. The top of the thick, impermeable Pennington Formation is defined as the base for the Cumberland Plateau aquifer system and is an effective regional confining unit (table 2; fig. 2 ). It is composed of several hundred feet of shale, siltstone, and fine-grained dolomite.
Throughout most of the Plateau, the rocks of the aquifer system are nearly horizontal with a gentle dip of from 20 to 50 feet per mile toward the east. Although essentially undeformed, they are cut by faults in the central and northern parts of the area. Formations of the Cumberland Plateau are separated from the more intensely deformed Valley and Ridge Province to the east by a zone of thrust faulting and steeply dipping rocks marked by the Sequatchie Valley anticline, Walden Ridge, and the Pine Mountain thrust ( fig. 2 ). Lines of section, which are located in figure 3 and shown in figures 4-7, generalize the structural relations of the rocks that comprise this aquifer system. In addition to unpublished data, the following reports were used to compile the geology: Born and Burwell (1939); Wanless (1946) ; Stearns (1954) ; Wilson and others (1956) ; Hack (1966) ; Burwell and Milhous (1967a and b); and, Milici and others (1979) .
HYDROLOG Y
Ground water in the Cumberland Plateau aquifer system occurs almost exclusively within the Pennsylvanian sandstones and conglomerates. Although the sandstones have low intergranular permeability, secondary permeability is provided by fractures. Water in these sandstone units is effectively confined and separated by shale and siltstone beds with very low permeability. Almost all the ground water is under artesian pressure, and the water level in many wells rises to within a few feet of land surface (Newcome and Smith, 1958) . The sandstone layers are classed as a single hydrologic unit because they exhibit similar hydraulic characteristics and contain water of similar chemical quality. A conceptual model of ground-water occurrence and flow in the Cumberland Plateau aquifer system is shown in figure 8 .
The recharge of the Cumberland Plateau aquifer system is effectively limited to precipitation on the outcrops of the sandstones and conglomerates. Streams intersecting these outcrops may also contribute to recharge. The shale layers retard the downward movement of ground water and there is very little interformational movement from one sandstone to another, except along fractures.
For the most part, ground-water flow in the Cumberland Plateau aquifer system is shallow flow, with water flowing from points of recharge to points of discharge. In addition to providing base flow of streams, ground water also is discharged through springs, which are common in the escarpments bounding this aquifer system and in the walls of many deep, narrow stream valleys, particularly the Sequatchie Valley. Commonly, the springs in the Cumberland Plateau issue from sandstones near their contact with shale beds ( fig. 8 ).
Ground-water movement between the Cumberland Plateau aquifer system and the Valley and Ridge aquifer system is restricted by a zone of faulting and structural deformation between the two systems. In areas where the water-bearing formations are deeply buried, such as the Wartburg Basin, movement of the water is thought to be very restricted. Newcome and Smith (1958) , Wilson (1965) , and Zurawski (1978) were used as the primary hydrology references for this report.
WATER QUALITY
Chemical analyses of water from wells drilled into the Cumberland Plateau aquifer system generally indicate good to excellent quality throughout the area of occurrence of the aquifer. Of the 32 water-quality analyses from this aquifer, only two had dissolvedsolids concentrations greater than 500 mg/L, and three fourths had dissolved solids less than 200 mg/L. Two of the more common characteristics of ground water in the Cumberland Plateau are high iron content (typically several milligrams per liter) and the presence of hydrogen sulfide. Water generally is calcium bicarbonate type, with pH below 7.0. Two chemical analyses of water from the northern part of this aquifer system have reported dissolved-solids concentrations greater than 500 mg/L. Figure 9 shows the areal distribution of dissolved solids in the aquifer system and table 2 shows the variation of dissolved solids by depth and water-bearing formation.
It should be noted that all analyses reported from the Cumberland Plateau aquifer system are of water from wells less than 300 feet deep. Although it has not been confirmed by data, it is suspected that the dissolved solids of the water increases in areas where the sandstones are buried by more than 500 feet of shales. Deeply buried sandstones in the Wartburg Basin may contain water with dissolved solids in the range of 1,000 to 10,000 mg/L, but this remains to be documented. Nevertheless, because the water is generally of good quality, this aquifer system does not qualify for deep-well injection.
Water-quality data are based on these reports: DeBuchananne and Richardson (1956), Newcome and Smith (1958) , Wilson (1965); and Sprinkle (1977) .
DRINKING-WATER SUPPLIES
The Cumberland Plateau aquifer system is an important source of water for the Cumberland Plateau. Wells and springs from this aquifer system supply most of the domestic and public supplies of drinking water used ( fig. 10; table 3 ). Data indicate that ground water is available throughout the Plateau, but the quantity is highly variable from place to place and locally may not be large enough to supply large public needs.
CONTAMINATION
The Cumberland Plateau aquifer system has no documented sites of contamination; however, the area is a site of intensive oil and gas exploration in Tennessee, and saline water from deeper depths has entered into the shallow zones of this aquifer system (Rima, Chase and Myers, 1971; Miller and Maher, 1972) . No part of this regional aquifer qualifies for receiving injected underground waste.
CURRENT AND POTENTIAL HYDROCARBON, MINERAL, ANDGEOTHERMAL RESOURCE USE
Coal has been mined commercially in the Cumberland Plateau since 1830, reaching peak production in the 1950's with the increase of mechanization and strip mining ( fig. 11 ). Since then, production has declined but remains relatively high at more than 10 million tons annually. Although coal mining, both strip and underground, can have a deleterious impact on surface water, there is no documented information available to indicate that coal mining has impacted ground-water quality.
Intensive oil and gas exploration occurs in the Cumberland Plateau ( fig. 11 ), but these wells are drilled and cased to depths below the Pennington Formation. If these wells are improperly cased and sealed, however, contamination by seepage may result. Luther (1959) , May and Maher (1979) , and Tennessee Department of Labor (1981) are the sources of information for this section of the report.
SUMMARY
The Cumberland Plateau aquifer system derives its name from its area of occurrence, the Cumberland Plateau in the east-central part of the State. It is an important source of water, providing many towns and most rural areas with drinking water.
The Cumberland Plateau aquifer system consists of interbedded sandstones, conglomerates, siltstones, shales, and coals of Pennsylvanian age. Major water-bearing zones occur within the sandstones and conglomerates in interconnected fractures. The waterbearing sandstone layers are separated from one another by nearly horizontal shale and siltstone layers that retard the vertical circulation of ground water. The Pennington Formation, which is the base of the aquifer system, is an effective regional confining unit.
Coal has been mined in the Cumberland Plateau since 1830. Intensive oil and gas exploration also occurs in this area. If these wells are not cased and sealed to the base of the Pennington Formation, contamination of the Cumberland Plateau aquifer system may result from seepage of saline water from deeper depths into the shallow zones of this aquifer system. Because water quality in the aquifer system is generally good to excellent and because the aquifer is used throughout its area of occurrence in Tennessee, the Cumberland Plateau aquifer system is classed as an underground drinking-water source under the criteria defined by the law, and as such does not qualify for receiving injected wastes. Modified from E.T. Luther, 1959 and C.W. Wilson, Jr., J.W. Jewell. and E.T. Luther, 1956 Geology from W. D. Hardeman, 1966 Figure 2. Generalized structural features of the Cumberland Plateau aquifer system in Tennessee. Newcome and Smith, 1958; 2, Sprinkle, 1977; 3, DeBuchananne and Richardson, 1956; 4, USGS unpublished Figure 11.--Generalized location of potential coal resources in the Cumberland Plateau aquifer system and potential hydrocarbon resources from pre-Pennsylvanian rocks.
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